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Development of Spectroscopic Measurement 
Technology in Synchrotron Radiation Soft X-Ray 

Spectroscopy and Analytical Applications
X

Graduate School of Engineering, University of Hyogo

Yasuji MURAMATSU

JSR2025, 11E1-04 (Jan 10-12, Tsukuba) 1/22

Photon Factory (PF), 
BL-16U

NTT-SOR, ABL-3B SPring-8,
BL23U

NewSUBARU,
BL10

Advanced Light Source 
(ALS), BL-8.0.1, BL-6.3.2

Research Carrier on SR Soft X-Ray Spectroscopy
1985 1990 1995 2000 2005 2010 2015 2020

NTT R&D SPring-8/JAERI Univ. Hyogo
2025
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BL-16U/PF
ABL3B/NTT-SOR

BL-8.0.1, 6.3.2/ALS
BL23SU/SPring-8

BL10/NewSUBARU

1993-1995 NTT Personnel Division

I. Construction of BL-16U and Soft X-ray 
Emission Spectroscopy [1986-1993]
1992 Doctoral Degree (Tohoku Univ.)

II. Soft X-ray Analysis of Carbon Materials [1995-]

III. Soft X-ray Analysis of Industrial Materials 
in NewSUBARU [2005-]

MO (DV-X )
DFT (CASTEP)

MD (Forcite)

Calculations

1996-1997 ALS/TENN
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Construction of BL-16U/PF (1996-1989)
I. Construction of BL-16U and Soft X-ray Emission Spectroscopy

MPW-BL
T. Matsushita
T. Ishikawa
S. Nomura
A. Nakagawa

Undulator-BL
H. Maezawa
Y. Muramatsu NTT

Soft X-ray BL (U)

Hard X-ray BL (MPW)

MPW/Undulator

New multipole wiggler/undulator beamline 
(BL-16) at the Photon Factory
T. Matsushita, H. Maezawa, T. Ishikawa, M. 
Nomura, A. Nakagawa, A. Mikuni, Y. 
Muramatsu, Y. Satow, T. Kosuge, S. Sato, T. 
Koide, N. Kanaya, S. Asaoka, I. Nagakura, Rev. 
Sci. Instrum., 60, 1874-1876 (1989).

Operation of MPW/U

“ 2023( )”

H. Maezawa
A. Toyoshima

M0 mirror

3/22

E-energy 2.5 GeV

Periodic length 120 mm

Periodic number 26

Magnet NdFeB

Gap 150 – 130 mm (U)
19 – 50 mm (W)

Magnetic field 0.513 T (U)
>0.513 – 1.47 T (W)

K-parameter 0.605 – 5.75 (U)
5.75 – 16.8 (W)

1st harmonic energy 28.2 – 418 eV (U)

BL16MPW/U

Soft X-Ray Beamline Monochromator
Development of a VUV/soft x-ray 
monochromator for undulator radiation 
at the Photon Factory
Y. Muramatsu, H. Maezawa, Rev. Sci. 
Instrum., 60, 2078-2080 (1989).

Newly developed optical system composed of 
a cylindrical mirror and a concave grating.

Description of synchrotron 
radiation sources in ray 
tracing programs
Y. Muramatsu, Y. Ohishi, H. 
Maezawa, and T. Matsushita, 
Rev. Sci. Instrum., 60, 2048-
2050 (1989).

Focusing simulation 
of SR beams by the 
newly-developed 
raytracing software.

Photoionization spectra at 
the Kr M- and Ar L-edges for 
resolution evaluation.

Calculated and measured energy 
resolution.

4/22
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Spectroscopic Research using Undulator Soft X-Rays
The 1st harmonic of undulator 

radiation in 1980s
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1986
9 X

Motivation for XRF of light elements

Extremely low-yield in 
low-Z elements

BK, CK, NK, OK

BK, CK, NK, OK

New research that can 
only be done with 
highly-brilliant UR.
Experiment that 
nobody has done 
before.
Promising research 
(Selectively-excited 
XRF, Chemical 
analysis)

UR-Excited XRF Research of Light Elements
Dr thesis Dr. Sci. Tohoku Univ. 1992 ; Study on synchrotron
radiation excited X-ray fluorescence spectroscopy using an
undulator grazing incidence monochromator (

X )

5/22

Soft X-Ray Fluorescence (XRF) Spectrometers before SR

Be K emission

Rowland
mounting

Spherical grating

Soft X-ray tube

Proportional
counter

Soft X-ray emission spectra of light
elements. I. Li, Be, B, Al and Si
O. Aita and T. Sagawa, J. Phys. Soc. Jpn.,
27, 164-175 (1969).

Wavelength dispersing devices for soft
and ultrasoft X-ray spectrometers
T. Arai, T. Shoji, and R. W. Ryon, Adv. X-Ray
Anal, 137-144  (1985).
Rh-X-ray tube,
TAP synthetic multilayers,
Total-reflection mirror,
Proportional counter

BK and OK (3rd

order) XRF of B-
doped glass.

E-gun

Toroidal grating
Rowland
mounting

Photodiode array 
detector

New soft X-ray emission spectrograph
R. D. Carson, C. P. Franck, S. Schnatterly, and
Zutavern, Rev. Sci. Instrum., 55, 1973-1977175
(1984).

6/22
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UR-Excited XRF Research of Light Elements (1990-1993)
(1) Design of Soft X-Ray Emission Spectrometer in BL-16U

Undulator-radiation-excited x-ray fluorescence
analysis system for light elements
Y. Muramatsu, M. Oshima, T. Shoji, and H. Kato, Rev.
Sci. Instrum., 63, 5597-5601 (1992).

Varied-Line-Spacing Grating (VLSG)
Linear-scanning PC (-> CCD in the future)
Entrance-slit less optics
Simple and compact spectrometer

T. Shoji 
(Rigaku)

Y.
Muramatsu

Dec. 2024

Mechanically ruled aberration-corrected
concave gratings for a flat-field grazing-
incidence spectrograph
T. Kita, T. Harada, N. Nakano, and H. Kuroda,
Appl. Opt. 22, 512 (1983).

The first SR-excitation soft X-ray emission
spectrometer equipped with the VLSG grating,
installed in 1991.

7/22

(2) The First Measurements of UR-Excited BK, CK-XES/XAS

S. Shin
A. Agui

J. Kawai

Undulator radiation excited x-
ray fluorescence analysis
system for light elements
Y. Muramatsu, M. Oshima, T.
Shoji, and H. Kato, Rev. Sci.
Instrum., 63, 5597-5601 (1992).

CK emission spectrum of C60 excited by
undulator radiation
Y. Muramatsu, J. Kawai, M. Oshima, T. Hayashi, T.
Maruno, and H. Kato, Photon Factory Activity Report,
10, 383 (1992).

8/22
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(3) Resonant Elastic/Inelastic X-Ray Spectroscopy
Resonant X-ray Raman scattering in
BK emission spectra of boron oxide
(B2O3) excited by undulator radiation
Y. Muramatsu, M. Oshima, and H. Kato,
Phys. Rev. Lett., 71, 448-451 (1993).

XRF

REXSRIXS

Selective 
Exc.

(XAS)

Resonant 
Elastic X-
ray Scat. 
(REXS)

Resonant 
Inelastic 

X-ray Scat. 
(RIXS)

Core
orb.

Occupied orb.

Unoccupied orb.
Localized orb.

SR

hv
SR

hvhv

Selective 
Exc.

(XAS)

Resonant 
Inelastic 

X-ray Scat. 
(RIXS)

New Soft X-Ray Emission Spectroscopy

, , , 8, 470-
479 (1995)

NTT B

5
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SR-Excited XES Spectrometers in ~1990s
Soft x-ray emission spectroscopy using
monochromatized synchrotron radiation,
J. Nordgren, G. Bray, S. Cramm, R. Nyholm, J.-E. Rubensso,
and N. Wassdahl, Rev. Sci. Instrum., 60, 1690-1696 (1989).
Spherical grating (Rowland mounting), CCD detector

First experimental results from IBM/TENN/TULANE/
LLNL/LBL undulator beamline at the advanced light
source
J. J. Jia, T. A. Callcott, J. Yurkas, A. W. Ellis, F. J. Himpsel, M.
G. Samant, J. Stöhr, D. L. Ederer, J. A. Carlisle, E. A. Hudson,
L. J. Terminello, D. K. Shuh, and R. C. C. Perera, Rev. Sci.
Instrum., 66, 1394-1397 (1995).
Spherical grating (Rowland mounting), CCD detector

Soft x-ray emission spectrometer for undulator
radiation
S. Shin, A. Agui, M. Fujisawa, Y. Tezuka, T. Ishii, and N. Hirai,
Rev. Sci. Instrum., 66, 1584-1586 (1995).
Spherical grating (Rowland mounting), CCD detector

10/22
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Progress of Soft X-ray Emission Spectrometers 
using VLSG

High performance slit-less
spectrometer for soft x-ray
emission spectroscopy,
T. Tokushima, Y. Harada, H.
Ohashi, Y. Senba, and S. Shin,
Rev. Sci. Instrum., 77, 063107
(2006).

BL07U/NanoTerasu (Dec. 2024)
Y. Harada

(Oct. 2023)

Development of a sub-
eV resolution soft-X-ray
spectrometer for a
transmission electron
microscope
M. Terauchi, H. Yamamoto,
and M. Tanaka, J. Electron
Microscopy, 50, 101-104
(2001).
TEM with VLS grating, CCD
detector

Wet RIXS BL-8.0.1/ALS

(Dec. 2024)

Double-dispersion RIXS BL-6.0.2/ALS

(Dec. 2024)

11/22

Ultra High-Resolution Soft X-ray Emission 
Spectrometer in NanoTerasu

Design of Ultrahigh Energy Resolution RIXS Beamline at NanoTerasu
J. Miyawaki, K. Fujii, T. Imazono, K. Horiba, Y. Ohtsubo, N. Inami, T. Nakatani, K. Inaba, A.
Agui, H. Kimura, and M. Takahashi, J. Phys.: Conference Ser., 2380, 012030 (2022).

Total energy 
resolution of <10 
meV at 250 - 1000 
eV with 
E/ E>150,000

2D-RIXS

Observation of electronic
states and vibrational states
Observation of elementary
excitations in high-
temperature
superconductors,
semiconductors, multiferroic
materials, topological
insulators, etc.

R = 12 m
BL02U/NanoTerasu (Dec. 2024)

12/22
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II. Soft X-ray Analysis of Carbon Materials

Soft X-Ray Emission/Absorption Spectroscopy of 
Carbon Materials in ALS (1996-1997)

T. Callcott 
(TENN)

R. C. C. Perera 
(LBNL)

D. L. Ederer 
(Tulane U.)

BL-8.0.1 for X-ray Emission 

BL-6.3.2 for X-ray Absorption

A

Sample

(G1, G2, G3, G4)

BM light
source

ALS/LBNL

13/22

Soft X-Ray Emission/Absorption Spectroscopy of 
Carbon Materials

CK-XES/XAS of a-Carbons
Y. Muramatsu and T. Hayashi, The 12th Diamond 
Symposium, 112, (1998).

CK-XES/XAS of Hydro-fullerenes
Y. Muramatsu et al., J. Electron Spectros. 
Relat. Phenomena, 107, 177-184 (2000).

14/22
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The First Presentation in the Annual Meeting on 
Carbon Society (2000) 

, 27 , 3C06 (2000)

E

unoccupied 
orbitals

occupied 
orbitals

SR

inner orbital

x-rays 
Electronic Structures 
of the occupied and
unoccupied orbitals.

X-ray Absorption (XAS)

X-ray Emission (XES)

What can we see with synchrotron 
radiation excited soft X-ray emission 
absorption spectroscopy?

There was no reaction in the presentation!

1 (Polarizing Microscope)
2 (SEM)
3 (TEM)
4
5 (XRD)
6 (Electron Diffraction)
7 (SAXS)
8 (FT-IR)
9 1H 13C (1H, 13C-NMR)
10 7Li (7Li-NMR)
11 (Raman)
12 (ESR)
13 (UPS)
14 (XPS)
15 (AES)
16 (EELS)
17 (MS)
18 (Accelerator-based analysis)

2001

There was no term on synchrotron radiation
in the text book of carbon analysis in 2001.

15/22

Continuous Presentations in the Carbon Society

Y. ‘00 ‘01 ‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09

N. 1 1 1 1 2 1 2 1 4 4
‘10 ‘11 ‘12 ‘13 ‘14 ‘15 ‘16 ‘17 ‘18 ‘19

6 4 8 3 5 7 4 1 5 4

‘20 ‘21 ‘22 ‘23 ‘24 Tot.

1 2 2 70

My presentations in the Annual Meeting on 
Carbon Materials since 2000.

Terms of “X-Ray”
In “Carbon Dictionary” (Eds. The 
Carbon Society of Japan 2000)

X
X
X XRD
 
X XPS
X
X

X EDS or EDX
X

X XFA
 

X
X

X
X EPMA

In “New Carbon Dictionary” (Eds. 
The Carbon Society of Japan 2014)

(XANES) 

EXAFS

SR-based Analysis (XAS) has been widely recognized in the Carbon Society of Japan.

16/22

Characterization Methods using Soft X-ray 
Spectroscopy and Theoretical Analysis

Band-gap structure
Local structure of graphitic layers
Local structure of B/C, N/C, O/C, B/C/N
Quantitative analysis of sp2/sp3 carbons
Insulating films
X-ray absorption coefficients of C and O
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III. Soft X-ray Analysis of Industrial Materials in NewSUBARU

XAS Analysis in the BL10/NewSUBARU (2005-)
BL10/NewSUBARU

X-ray reflectivity measurements (XRR)
X-ray absorption measurements (XAS)

1000 12000 200 400 600 800

G: 600 mm-1

G: 1800 mm-1

G: 2400 mm-1

Isr  250 mA
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nA N KC K

S L

O K

Si L

Cr LMn L
F K
Fe L

Ni L
Co L

Cu L Zn L

Photon energy / eV

10-1

B K

H. Kinoshita

T. Harada

(Feb. 2015)

Beamline improvement of BL10
Adv. X-Ray Chem. Anal. Japan, 43, 407-414 (2012).
Adv. X-Ray Chem. Anal. Japan, 44, 243-251 (2013).
Adv. X-Ray Chem. Anal. Japan, 45, 269-278 (2014).
Adv. X-Ray Chem. Anal. Japan, 46, 317-325 (2015).
J. Photopolym. Sci. Technol., 28, 531-536 (2015).
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What makes the most of NS's features?
=> Materials characterization of light
element (C, N, O etc.) materials including
industrial functional materials.

What is something that nobody has
done? What are the promising research
areas?
=> Measuring "dirty" materials that cause
vacuum loss.
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Soft X-Ray Absorption Analysis in the Multi-
Purpose Beamline BL10 at New SUBARU (3);
Liquid Organic Compounds and Engine Oil
Adv. X-Ray Chem. Anal. Japan, 45, 269-278 (2014)

Direct TEY-XAS measurements
of oil samples in the vacuum
chamber

XAS XRR 

SR Sample plate

XAS Chamber installed in BL10/NewSUBARU
E
XAS

E
XRR

18/22
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XANES Measurements during Sample Heating
Heating System for In-situ XANES Measurements in the Soft X-Ray Region of Heated 
Bulk Samples at BL10/NewSUBARU
Y. Muramatsu, K. Hiramatsu, K. Maee, and K. Sakamoto, Anal. Sci.,  38, 717-723 (2022).

Heating 
cables

Thermo-
couple

(a) Heating base

(b) Heating base in 
XAS chamber

(c) Sample plate

Sample 
holder

Cu plate

Au mesh on Au 
plate

Sugar sample 
sandwiched between 
Au plate and mesh.

Cu block

SR beam
Heating-

base
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RT
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C K region O K region

RT
180 oC
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RT
180 oC
120 oC
150 oC

190 oC

190 oC

[Objective] Clarify the wide mp.-
range (140-190 ) of sugars

Thermal 
decomposition of 
sugars heated 
around 190 .
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Thermal Decomposition of Sugars 

Thermal decomposition 
of Sucrose.

Sucrose
(C12H22O11)

Glucose
(C6O6H12)

Fructose
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the wider tail 
dependent 
on heating 
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DFT calculations of hydrogen bonds in sucrose molecules for XANES analysis of sugars
K. Hiramatsu, K. Maee, and Y. Muramatsu, e-J. Surf. Sci. and Nanotechnol. , 21, 300-304 (2023).

H

O
C

Much H-bonding sugar  -> Higher mp.
Less H-bonding sugar  -> Lower mp.
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On the nature of organic dust Novae
I. Endo, I. Sakon, T. Onaka, Y. Kimura, S. Kimura, 
S. Wada, L. A. Helton, R. Lau, Y. Kebukawa, Y. 
Muramatsu, N. Ogawa, N. Ohkouchi, S. Kwok, 
Astrophys. J., 917, 103 (2021).

Materials characterization (Chemical, 
Electronic states) in a lunar or space  
environment where humans will reside for 
a long period of time

Light Element Materials (C, N, O etc.)
Temperature 200  
Under vacuum
Radiation resistance etc.

Further Application in Soft X-ray Spectroscopic Analysis

[Industrial Carbon Materials]
Amorphous Carbon
Activated Carbon
Graphitic Carbon
Carbon Films
Carbon Fiber
Diamond-like Carbon
Diamond Semiconductor
Nano-Diamond
B/C/N Composite
C/N Composite
Organic Materials
Oil
Polymer
Rubber
Ionic Liquid
Foods etc.

More than 20 companies have 
collaborated with Muramatsu Lab.

22/22

Summary
Amazing and steady progress of soft X-ray emission 
spectroscopy.
Further developments in soft X-ray spectroscopy are expected. 

Unchanging and universal technology is also important.

Calibration and standards beamline 6.3.2 at the Advanced Light Source
J. H. Underwood, E. M. Gullikson, M. Koike, P. J. Batson, P. E. Denham, K. D. Franck, 
R. E. Tackaberry, and W. F. Steele, Rev. Sci. Instrum., 67, 3372 (1996).

1996@BL-6.3.2

E. M. Gullikson

J. H. Underwood

2024@BL-6.3.2

E. M. 
Gullikson

1996@BL-
6.3.2

2024@BL-
6.3.2

Only CRT and PC 
were changed in 
this 30 years!

22/22
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Oct-86
Dec-86
Feb-87
May-87
Jul-87
Oct-87
Dec-87
Apr-88
Oct-88
Feb-89
Apr-89
Jul-89
Oct-89
Jan-90
Apr-90
Jul-90
Oct-90
Jan-91
Feb-91

PF

1357 246

Residents of the prefabricated
building 2 (1986-1991)

Almost 35 years ago, the old
men and women who were
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, 27 , 3C06 (2000)

E E
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occupied orbitals
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synchrotron radiation

inner orbital

x-rays 

x-ray intensity

emission spectrum

absorption spectrum

(XES) (XAS)

(XAS)

(XES)
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, XAS

CK-XES CK-XAS

Mo/SiC/Si

, XAS

CK-XES CK-XAS

Y. Muramatsu et al., Carbon, 39, 1403-1407 (2001).
et al., , 31, 99 (2000).

Y. Muramatsu et al., Appl. Phys. Lett., 77, 2653 (2000).
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( )
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NTT PF BL-16
Rev. Sci. Instrum., 60, 1874-1876 (1989); T. Matsushita, H.
Maezawa, T. Ishikawa, M. Nomura, A. Nakagawa, A. Mikuni, Y.
Muramatsu, Y. Satow, T. Kosuge, S. Sato, T. Koide, N. Kanaya, S.
Asaoka, I. Nagakura

@BL16U/PF
Rev. Sci. Instrum., 60, 2078-2080 (1989); Y. Muramatsu, H. Maezawa

0 20 40 60 80 100
Z

, 

0
0.2

0.4

0.6

0.8

1.0
K

L

X

X

X

Rev. Sci. Instrum., 63, 5597-5601 (1992); Y. Muramatsu, M.
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2-2. 
PAN
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2-4. sp2/sp3

sp2/sp3 TEY
2-5. BL10/NewSUBARU
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1-1. X

XANES 
(X-ray Absorption Near-Edge Structure)

EXAFS
(Extended X-ray Absorption Fine Structure)

(XAS: X-ray Absorption Spectroscopy)

SR, hv

E EXAFS
XAN

ES
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Y. Muramatsu et al., X-ray Absorption Fine Structure-XAFS13, 511-513 (AIP, 2007). 
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Hexagonal carbon layer

DFT XANES

•
•
•

CASTEP
S.J. Clark et al., Krystallogr., 220, 567 570 (2005). 
P. Rez et al., Ultramicroscopy, 59, 159 167 (1995). 
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T. Mizoguchi et al., Phys. Condens. Mat., 21, 104204 (2009). 

•
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* *

(DLC) sp2/sp3

K. Kanda et al., Jpn. J. Appl. Phys., 41, 4295-4298 (2002).

*

(RF plasma) 

Relative sp2 content 
IP: 91%
ECR: 82%
RF: 100%
GCIB: 36%

(TEY)
sp2-C sp3-C TEY

TEY-CK XANES sp2-C sp3-C sp2-C sp3-C
TEY

sp2-C sp3-C
I. 

sp2-C sp3-C
II. 

Y. Muramatsu et al., Anal. Sci., Published online on Sep
13, 2023.

Y. Muramatsu et al., Jpn. J. Appl. Phys., 48, 066514 (2009).
et al., , 43, 425-436 (2012).

Nano-graphite

Nano-diamond

sp2-C

sp3-C

Nanostructure of diamond-like
carbon (DLC), “Handbook of Nano
Carbon”, eds. By M. Endo and S.
Iijima (NTS, 2007) pp. 718.
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2-4. sp2/sp3
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sp2-C/sp3-C TEY-CK XANES

Ti-filter

A

Sample

I. 

sp2-C
CNT

60-100 nm, 5-15 mm
CB N330

GRA

sp3-C
DIA IRM40-60

(PE) Scientific Polymer Products 
Inc., Approx Mn 1100

sp2-C /sp3-C
GRA/DIA CNT/DIA CB/DIA
GRA/PE CNT/PE CB/PE

Sp2-C (%) 10% 90% 10%
#1 #9

mm 50 mm

II. 

Label R sp2-C sp3-C sp2-C/(sp2- 3-C)

Te -H 18 0 1.0

TeMe -CH3 18 4 0.82

TePr -(CH2)2CH3 18 12 0.60

TeiPr -CH(CH3)2 18 12 0.60

TePe -CH2(CH2)4CH3 18 20 0.47

R R

R R1,4,7,10-alkyltetracenes

TEY-XANES @BL6.3.2/ALS
DFT CASTEP XANES

1200 mm-1 VLSG

CK region
(magic angle)
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DLC sp2-C/sp3-C

k = 0.388 
(GRA/PE)

, , , , , , , X , 55, 93-104 (2024).
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2-5. BL10/NewSUBARU
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sp2/sp3
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DFT MD
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1. XANES

2. CASTEP XANES
(1) ; sp2 sp3

, , XANES ; CK XANES, X
, 55, 153-204 (2024)

Y. Muramatsu, Correction for the Calculated XANES Spectra of 1,4,7,10-
Alkyltetracenes Considering the Total-Electron-Yield (TEY) Efficiency of sp2- and sp3-
Carbon Atoms, Anal. Sci., 40, 1209–1213, (2024)

(2) Si
, , , , CK XANES

DFT , X , 55, 353-361 (2024). 

(3) 
K. Hiramatsu, K. Maee, and Y. Muramatsu, DFT calculations of hydrogen bonds in 
sucrose molecules for XANES analysis of sugars, e-J. Surf. Sci. and Nanotechnol. (e-
JSSNT), 21, 300-304 (2023).
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(X-ray Absorption Near-Edge Structure)
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(Extended X-ray Absorption Fine Structure)

(XAS: X-ray Absorption Spectroscopy)
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2-6. International Conference 
 
01) Y. Muramatsu and H. Maezawa, Development of a new undulator monochromator, The 3rd International 

Conference on Synchrotron Radiation Instrumentation, SRI-88 (Tsukuba, 1988). 

02) Y. Muramatsu and H. Maezawa, Performance of the new undulator monochromator, The 3rd International 
Conference on Synchrotron Radiation Instrumentation, SRI-88 (Tsukuba, 1988). 

03) Y. Muramatsu, Y. Ohishi, and H. Maezawa, Phase space consideration on multipole wiggler and undulator 
sources, The 3rd International Conference on Synchrotron Radiation Instrumentation, SRI-88 (Tsukuba, 
1988). 

04) H. Maezawa, Y. Muramatsu, T. Shioya, S. Yamamoto, and H. Kitamura, Characterization of undulator 
radiation from a high field BL-16 multipole wiggler/undulator at the Photon Factory, The 3rd International 
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beamline (BL-16) at the Photon Factory, The 3rd International Conference on Synchrotron Radiation 
Instrumentation, SRI-88 (Tsukuba, 1988). 
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08) Y. Muramatsu, M. Oshima, and H. Kato, Chemical state analysis of light elements by undulator-radiation-
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09) Y. Muramatsu, J. Kawai, T. Scimeca, M. Oshima, and H. Kato, Selectively-excited x-ray emission 
spectroscopy for light elements using undulator radiation: Satellite structure in BKa emission spectra of boron 
compounds, The 16th International Conference on X-ray and Inner-shell Processes, X-93 (Debrecen, 1993). 

10) Y. Muramatsu, T. Scimeca, M. Oshima, J. Kawai, and H. Kato, Resonant reemission in BKa emission spectra 
of boron oxide and boron nitride, The 11th International Symposium on Boron, Borides, and Related 
Compounds, ISBB'93 (Tsukuba, 1993). Invited 

11) J. Kawai, Y. Muramatsu, M. Kobayashi, I. Higashi, and H. Adachi, Discrete-Variational Hartree-Fock-Slater 
calculations of boron 2p electron density of states of various boron compounds and their comparison with K-
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Detection of dangling bonds in the mechanically milled h-BN nanocrystals by resonance x-ray scattering 
above threshold, The 8th International Conference on X-ray Absorption Fine Structure (Berlin, 1994). 
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structure analysis of boron nitrides using soft x-ray emission and absorption spectroscopy including resonant 
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15) Y. Muramatsu, S. Kashiwai, T. Kaneyoshi, H. Kouzuki, M. Motoyama, M. M. Grush, T. A. Callcott, J. H. 
Underwood, and R. C. C. Perera, Soft x-ray emission and absorption spectroscopy for chemical reaction 
process analysis in mechanical alloying systems, The 6th International Conference on Synchrotron Radiation 
Instrumentation, SRI-97 (Himeji, 1997). 

16) M. M. Grush, T. A. Callcott, Y. Muramatsu, D. L. Ederer, J. H. Underwood, E. M. Gullikson, and R. C. C. 
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resolved x-ray absorption spectroscopy at the inner-shell excitation threshold, 2000 Advanced Light Source 
Users’ Meeting, 141 (2000). 
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10) Y. Muramatsu, T. Scimeca, M. Oshima, J. Kawai, and H. Kato, Resonant reemission in BKa emission spectra 
of boron oxide and boron nitride, The 11th International Symposium on Boron, Borides, and Related 
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calculations of boron 2p electron density of states of various boron compounds and their comparison with K-
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calculations of boron 2p electron density of states of various boron compounds and their comparison with K-
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Detection of dangling bonds in the mechanically milled h-BN nanocrystals by resonance x-ray scattering 
above threshold, The 8th International Conference on X-ray Absorption Fine Structure (Berlin, 1994). 

14) Y. Muramatsu, H. Kohzuki, T. Kaneyoshi, M. Motoyama, A. Agui, S. Shin, H. Kato, and J. Kawai, Electronic 
structure analysis of boron nitrides using soft x-ray emission and absorption spectroscopy including resonant 
x-ray emissions in boron K-shell excitation, International Workshop on Resonant Inelastic Soft X-ray 
Scattering (Walberberg, 1996). 

15) Y. Muramatsu, S. Kashiwai, T. Kaneyoshi, H. Kouzuki, M. Motoyama, M. M. Grush, T. A. Callcott, J. H. 
Underwood, and R. C. C. Perera, Soft x-ray emission and absorption spectroscopy for chemical reaction 
process analysis in mechanical alloying systems, The 6th International Conference on Synchrotron Radiation 
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and hydrofullerene, The 2000 International Chemical Congress of Pacific Basin Societies, PACIFICHEM 
2000, ANYL 0377 (Honolulu, 2000). Invited 

33) H. Takenaka, H. Ito, Y. Muramatsu, and E. M. Gullikson, Soft x-ray reflectivity and layer structure evaluation 
of Ni/C/Ti/C and Co/C/Ti/C multilayers, The 5th International Conference on the Physics of X-Ray 
Multilayer Structure, PXRMS’00 (Chamonix Mont-Blanc, 2000). 

34) H. Takenaka, K. Nagai, H. Ito, Y. Muramatsu, T. Kawamura, E. M. Gullikson, and R. C. C. Perera, Soft x-
ray reflectivity and structure evaluation of CoCr/C multilayer x-ray mirrors for around 6 nm spectral region, 
The 7th International Conference on Synchrotron Radiation Instrumentation, SRI-2000 (Berlin, 2000). 
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and structure evaluation of Ni/C/Ti/C multilayer x-ray mirrors for water-window region, 2000 Advanced 
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38) T. A. Sasaki, N. Chugan, and Y. Muramatsu, Performance of soft x-ray emission spectrometer employing 
charge-coupled device detector, The 7th International Conference on Synchrotron Radiation Instrumentation, 
SRI-2000 (Berlin, 2000). 

39) Y. Ueno and Y. Muramatsu, Configurational analysis of molecular adsorbates in microporous carbon by soft 
X-ray emission spectroscopy, International Workshop on Physical Properties of Matter by X-ray Absorption 
and Emission Spectroscopy (Osaka, 2000). 

40) Y. Ueno, Y. Muramatsu, M. M. Grush, and R. C. C. Perera, Configurational analysis of molecular adsorbates 
in microporous carbon by soft X-ray emission spectroscopy, 2000 Advanced Light Source Users’ Meeting, 
143 (2000). 

41) Y. Ueno and Y. Muramatsu, Configurations of benzene and pyridine adsorbed on microporous carbon 
analyzed by CK X-ray emission spectroscopy and DV-Xa molecular orbital calculations, The 2000 
International Chemical Congress of Pacific Basin Societies, PACIFICHEM 2000, ANYL 0318 (Honolulu, 
2000). 

42) Y. Muramatsu, E. M. Gullikson, and R. C. C. Perera, OK x-ray absorption spectra of condensed aromatic 
compounds having various oxygen functional groups, The 13th International Conference on Vacuum 
Ultraviolet Radiation Physics, VUV-XIII, Tu01 (Trieste, 2001). 

43) Y. Muramatsu, Soft x-ray emission and absorption spectroscopy of industrial carbon materials using 
synchrotron radiation, IUPAC International Congress on Analytical Sciences 2001, ICAS2001 (Tokyo, 2001). 
Invited 
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ray emission spectra of cubic silicon molecules identified by discrete variational (DV) Xa molecular orbital 
calculations, The 6th International Conference on Atomically Controlled Surfaces Interfaces and 
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45) Y. Muramatsu, Theoretically-predicted soft x-ray emission and absorption spectra of graphite-like structured 
BC2N, DV-Xa International Workshop ’01, DVXa’01 (Wako, 2001). Invited 
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16) 村松康司, 前沢秀樹, アンジュレータ用真空紫外・軟Ｘ線斜入射モノクロメータ (2)機械設計, 第 5 回フ
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17) 村松康司, 前沢秀樹, アンジュレータ用真空紫外・軟Ｘ線斜入射分光器 (2)機械設計, 第 35 回応用物
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215) 村松康司, 原田竜介, 山田和俊, 炭素材料の軟Ｘ線吸収分光；カーボンブラックと機械的粉砕黒鉛との

相関, 第 9 回 XAFS 討論会, 8P03 (2006). 

216) 上田聡, 横幕剛志, 村松康司, 放射光軟Ｘ線吸収分光法による炭素材料の酸化状態・定量分析法の提

案；標準物質のスペクトルと検量線, 日本分析化学会第 55 年会, Y1003 (2006). 

217) 村松康司, 服部正輝, 上田聡, 近田雄一, 岡好浩, 八束充保, プラズマイオン注入法で作製した炭素

注入シリコンの放射光軟Ｘ線状態分析, 第 42 回Ｘ線分析討論会, P-11 (2006). 
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240) 黒田真矢, 川口雅之, 村松康司, B/C/N層状化合物の作製と電子構造の評価, 第20回DV-Xα研究会, 
一般（物性）2 (2007). 

241) 西岡洋, 黒石佳和, 村松康司, 新規Phytoremediation植物の探索と評価, 日本土壌肥料学会2007年大

会(2007). 

242) 上田聡, 村松康司, 放射光軟Ｘ線吸収分光法による炭素表面酸化の状態・定量分析； 分析精度向上

の試み, 化学プラットフォーム＠関西07 (2007). 

243) 村松康司, 野澤治郎, 鎌本啓志, 天野治, 放射光軟Ｘ線吸収分光法によるかりんとうの劣化反応追跡, 
日本分析化学会第56年会. P1006 （2007）. 

244) 西岡洋, 小寺浩史, 黒石佳和, 上田聡, 村松康司, 寺田靖子, 放射光マイクロビームを用いたシダ植物

シシガシラの重金属分布状態と鉛のXANES測定, 日本分析化学会第56年会, P1001（2007）. 

245) 村松康司, 放射光軟Ｘ線分析と計算化学, 日本コンピュータ化学会2007秋季年会 (2007). Invited 

246) 天野泰至, 下村健太, 上田聡, 村松康司, グラファイトとダイヤモンドの電子状態に及ぼす欠陥の影響；

軟Ｘ線スペクトルの微細構造解析, 日本コンピュータ化学会2007秋季年会 (2007). 

247) 村松康司, 放射光軟X線分光法による炭素材料の精密状態分析, 炭素材料学会10月セミナー「炭素材

料応用の現状と診断法の新展開」, (2007). Invited 

248) 村松康司, 飯原順次, 西林良樹, 放射光軟Ｘ線発光分光法によるダイヤモンドのバンドギャップ内電子

状態の観察, 第21回ダイヤモンドシンポジウム, 113 (2007). 

249) 村松康司, 原田竜介, カーボンブラックの放射光軟Ｘ線発光分光；σ結合とπ結合の電子状態, 第34回
炭素材料学会年会 (2007). 

250) 嶺重温, 大谷鉄兵, 小舟正文, 福塚友和, 松尾吉晃, 村松康司, 矢澤哲夫, 燃料電池用炭素材料のア

ノード酸化挙動, 第34回炭素材料学会年会 (2007). 

251) 上田聡, 村松康司, 全電子収量軟Ｘ線吸収分光法による黒鉛系炭素表面酸化の定量分析法, 平成19
年度関西分析研究会例会 (2007). 

252) 鎌本啓志, 村松康司, 放射光軟Ｘ線吸収分光法による食品分析の可能性； 油菓子の酸化状態分析と

液体状油脂の直接測定, 平成19年度関西分析研究会例会 (2007). 

253) 村松康司, 環境•エネルギーに密着する炭素材料の軟Ｘ線状態分析, 第 21 回日本放射光学会年会・放

射光科学合同シンポジウム, 企画 3 『放射光によって切り拓く環境科学』, 5 (2008). Invited 

254) 村松康司, ダイヤモンドの CKＸ線発光スペクトルに観測されるバンドギャップ内の局在準位について, 第
21 回日本放射光学会年会・放射光科学合同シンポジウム, 13P034 (2008). 

255) 上田聡, 村松康司, 松尾吉晃, 放射光軟Ｘ線吸収分光法による炭素表面酸化の状態•定量分析； 分析

精度の向上と酸化黒鉛への適用, 第 21 回日本放射光学会年会・放射光科学合同シンポジウム, 13P036 
(2008). 

256) 天野泰至, 村松康司, 佐野紀彰, カーボンナノホーンの放射光軟Ｘ線発光•吸収分光, 第 21 回日本放

射光学会年会・放射光科学合同シンポジウム, 13P032 (2008). 

257) 久保田雄基, 村松康司, 原田竜介, 放射光軟Ｘ線分光法によるゴムの化学結合解析, 第 21 回日本放

射光学会年会・放射光科学合同シンポジウム,13P033 (2008). 

258) 下村健太, 村松康司, 金属炭化物の放射光軟Ｘ線発光•吸収スペクトル, 第 21 回日本放射光学会年会・

放射光科学合同シンポジウム, 13P035 (2008). 

259) 舟岡真一, 村松康司, 谷俊介, 黒石佳和, 西岡洋, ベリリウム錯体の放射光軟Ｘ線発光•吸収分光, 第
21 回日本放射光学会年会・放射光科学合同シンポジウム, 13P031 (2008). 

260) 川口雅之, 今井第造, 谷口佑子, 黒田真矢, 村松康司, 高木英行, 羽鳥浩章, 阿久沢昇, 軽元素ナノ

ハイブリッド材料の創成とその応用, 大阪電気通信大学学術フロンティア推進プロジェクト「ナノ構造・界

面を利用した新機能材料の開発」平成 19 年度シンポジウム (2008). 

261) 村松康司, 放射光軟Ｘ線発光・吸収分光法による炭素材料の精密状態分析技術, ニューダイヤモンドフ
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ォーラム平成 19 年度第 13 回技術調査講演会(東京, 2008). Invited 

262) 川口雅之, 大西克哉, 黒田真矢, 村松康司, グラファイト様層状化合物 BCN の電子構造とインターカレ

ーションの化学, 日本化学会第 88 春季年会 (2008). 

263) 西岡洋, 黒石佳和, 村松康司, アオビユにおける亜鉛集積性，日本雑草学会第 47 回大会 (2008). 

264) 村松康司, 久保田雄基, 原田竜介, 放射光軟 X 線分光法を用いたカーボンブラック補強ゴムの非破壊

組成比分析法の提案, 第 69 回分析化学討論会, P2302 (2008). 

265) 鎌本啓志, 村松康司, 全電子収量軟Ｘ線吸収分光法を用いたダイヤモンド系炭素材料表面酸素の状態

・定量分析技術(1)；酸素含有脂肪族化合物を用いた検量線の作成, 第 69 回分析化学討論会, Y1301 
(2008). 

266) 天野泰至, 村松康司, 全電子収量軟Ｘ線吸収分光法を用いた炭素材料表面窒素の状態・定量分析技

術(1)；窒素含有芳香族化合物を用いた検量線の作成, 第 69 回分析化学討論会,Y1302 (2008). 

267) 村松康司, 上田聡, 元山宗之, 放射光軟 X 線分光法で観察した風化いぶし瓦の炭素膜酸化と酸性雨を

模した酸による黒鉛酸化の相関, 第 17 回環境化学討論会, P-238 (2008). 

268) 黒石佳和, 井澤良太, 荻野芳菜, 西岡洋, 村松康司, Cu, Zn および Cd 混合溶液におけるトバモライトの

吸着能, 第 17 回環境化学討論会, P-254 (2008). 

269) 村松康司, 軟Ｘ線吸収分光法による工業炭素材料の分析評価とその重要性, 第 11 回 XAFS 討論会, 
6I01 (2008). Invited 

270) 西岡洋, 秋田純一, 大石甲, 村松康司, 寺田靖子, シダ植物シシガシラにおける鉛蓄積部位とケイ酸の

関連, 日本土壌肥料学会 2008 年大会, P22-10 (2008). 

271) 久保田雄基, 村松康司, 原田竜介, 放射光軟Ｘ線分光法によるゴムの電子・化学状態分析（１）；天然ゴ

ムのスペクトル解析, 日本分析化学会第 57 年会, Y1104 （2008）. 

272) 下村健太, 村松康司, 放射光軟Ｘ線分光法による金属炭化物の電子・化学状態分析（１）；炭化チタンの

CKＸ線スペクトル解析, 日本分析化学会第 57 年会, Y1105 （2008）. 

273) 井澤良太, 黒石佳和, 西岡洋, 村松康司, 水中の鉛の蛍光 X 線分析−ケイ酸ストロンチウム水和物を用

いた予備濃縮−, 日本分析化学会第 57 年会, Y1125（2008）. 

274) 大幸裕介, 荒木貴葉, 今川一輝, 嶺重温, 小舟正文, 村松康司, 矢澤哲夫, 軟 X 線放射光によるホウ

ケイ酸ガラスのナノ分相解析, 日本セラミックス協会第 21 回秋季シンポジウム（2008）. 

275) 村松康司, Ｘ線吸収端のエネルギー位置に関する考察（２）；共有結合結晶グラファイトの CK 端, 第 44
回Ｘ線分析討論会, 8 (2008). 

276) 鎌本啓志, 村松康司, 全電子収量軟Ｘ線吸収分光法を用いた炭素材料表面酸素の状態・定量分析技

術の開発；sp3 系炭素への適用, 第 44 回Ｘ線分析討論会, 10 (2008). 

277) 鎌本啓志, 村松康司, 天野治, 放射光軟Ｘ線吸収分光法による食品分析；かりんとう表面糖質における

光誘起酸化反応の考察, 第 44 回Ｘ線分析討論会, P-30 (2008). 

278) 下村健太, 天野泰至, 久保田雄基, 鎌本啓志, 村松康司, 全電子収量軟 X 線吸収分光法を用いた

sp2/sp3 炭素比分析の考察(1)； 混合標準試料を用いた sp2/sp3 炭素の電子収量比, 第 44 回Ｘ線分析討

論会, 9 (2008). 

279) 村松康司, CK 端全電子収量軟Ｘ線吸収分光法による sp2/sp3 炭素比定量に関する考察；sp2/sp3 炭素混

合試料を用いた sp2/sp3 全電子収量比の計測と解析, 第 22 回ダイヤモンドシンポジウム, 214 (2008). 

280) 村松康司, 鎌本啓志, 全電子収量軟Ｘ線吸収分光法を用いた炭素材料表面酸素の状態・定量分析技

術の開発, 第 22 回ダイヤモンドシンポジウム, P31 (2008). 

281) 荻野芳菜, 日下部香里, 黒石佳和, 西岡洋, 村松康司, 矢澤哲夫, 浄水発生土とカキ殻および廃ガラ

スを原料とするカドミウムイオン吸着剤の水熱合成, 第19回(平成20年度)廃棄物学会研究発表会(2008). 

282) 村松康司, 花房篤志, 鏑木裕, 吉田明, 菱山幸宥, 放射光軟Ｘ線分光法によるホウ素注入グラファイト

の局所構造解析, 第 35 回炭素材料学会年会, 2B14 (2008). 

240) 黒田真矢, 川口雅之, 村松康司, B/C/N層状化合物の作製と電子構造の評価, 第20回DV-Xα研究会, 
一般（物性）2 (2007). 

241) 西岡洋, 黒石佳和, 村松康司, 新規Phytoremediation植物の探索と評価, 日本土壌肥料学会2007年大

会(2007). 

242) 上田聡, 村松康司, 放射光軟Ｘ線吸収分光法による炭素表面酸化の状態・定量分析； 分析精度向上

の試み, 化学プラットフォーム＠関西07 (2007). 

243) 村松康司, 野澤治郎, 鎌本啓志, 天野治, 放射光軟Ｘ線吸収分光法によるかりんとうの劣化反応追跡, 
日本分析化学会第56年会. P1006 （2007）. 

244) 西岡洋, 小寺浩史, 黒石佳和, 上田聡, 村松康司, 寺田靖子, 放射光マイクロビームを用いたシダ植物

シシガシラの重金属分布状態と鉛のXANES測定, 日本分析化学会第56年会, P1001（2007）. 

245) 村松康司, 放射光軟Ｘ線分析と計算化学, 日本コンピュータ化学会2007秋季年会 (2007). Invited 

246) 天野泰至, 下村健太, 上田聡, 村松康司, グラファイトとダイヤモンドの電子状態に及ぼす欠陥の影響；

軟Ｘ線スペクトルの微細構造解析, 日本コンピュータ化学会2007秋季年会 (2007). 

247) 村松康司, 放射光軟X線分光法による炭素材料の精密状態分析, 炭素材料学会10月セミナー「炭素材

料応用の現状と診断法の新展開」, (2007). Invited 

248) 村松康司, 飯原順次, 西林良樹, 放射光軟Ｘ線発光分光法によるダイヤモンドのバンドギャップ内電子

状態の観察, 第21回ダイヤモンドシンポジウム, 113 (2007). 

249) 村松康司, 原田竜介, カーボンブラックの放射光軟Ｘ線発光分光；σ結合とπ結合の電子状態, 第34回
炭素材料学会年会 (2007). 

250) 嶺重温, 大谷鉄兵, 小舟正文, 福塚友和, 松尾吉晃, 村松康司, 矢澤哲夫, 燃料電池用炭素材料のア

ノード酸化挙動, 第34回炭素材料学会年会 (2007). 

251) 上田聡, 村松康司, 全電子収量軟Ｘ線吸収分光法による黒鉛系炭素表面酸化の定量分析法, 平成19
年度関西分析研究会例会 (2007). 

252) 鎌本啓志, 村松康司, 放射光軟Ｘ線吸収分光法による食品分析の可能性； 油菓子の酸化状態分析と

液体状油脂の直接測定, 平成19年度関西分析研究会例会 (2007). 

253) 村松康司, 環境•エネルギーに密着する炭素材料の軟Ｘ線状態分析, 第 21 回日本放射光学会年会・放

射光科学合同シンポジウム, 企画 3 『放射光によって切り拓く環境科学』, 5 (2008). Invited 

254) 村松康司, ダイヤモンドの CKＸ線発光スペクトルに観測されるバンドギャップ内の局在準位について, 第
21 回日本放射光学会年会・放射光科学合同シンポジウム, 13P034 (2008). 

255) 上田聡, 村松康司, 松尾吉晃, 放射光軟Ｘ線吸収分光法による炭素表面酸化の状態•定量分析； 分析

精度の向上と酸化黒鉛への適用, 第 21 回日本放射光学会年会・放射光科学合同シンポジウム, 13P036 
(2008). 

256) 天野泰至, 村松康司, 佐野紀彰, カーボンナノホーンの放射光軟Ｘ線発光•吸収分光, 第 21 回日本放

射光学会年会・放射光科学合同シンポジウム, 13P032 (2008). 

257) 久保田雄基, 村松康司, 原田竜介, 放射光軟Ｘ線分光法によるゴムの化学結合解析, 第 21 回日本放

射光学会年会・放射光科学合同シンポジウム,13P033 (2008). 

258) 下村健太, 村松康司, 金属炭化物の放射光軟Ｘ線発光•吸収スペクトル, 第 21 回日本放射光学会年会・

放射光科学合同シンポジウム, 13P035 (2008). 

259) 舟岡真一, 村松康司, 谷俊介, 黒石佳和, 西岡洋, ベリリウム錯体の放射光軟Ｘ線発光•吸収分光, 第
21 回日本放射光学会年会・放射光科学合同シンポジウム, 13P031 (2008). 

260) 川口雅之, 今井第造, 谷口佑子, 黒田真矢, 村松康司, 高木英行, 羽鳥浩章, 阿久沢昇, 軽元素ナノ

ハイブリッド材料の創成とその応用, 大阪電気通信大学学術フロンティア推進プロジェクト「ナノ構造・界

面を利用した新機能材料の開発」平成 19 年度シンポジウム (2008). 

261) 村松康司, 放射光軟Ｘ線発光・吸収分光法による炭素材料の精密状態分析技術, ニューダイヤモンドフ
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283) 鎌本啓志, 村松康司, 全電子収量軟Ｘ線吸収分光法による sp3 系炭素材料表面酸素の状態・定量分析

, 第 35 回炭素材料学会年会,IP32 (2008). 

284) 原田竜介, 村松康司, カーボンブラックの局所構造解析；放射光軟Ｘ線吸収スペクトルの解釈, 第 35 回

炭素材料学会年会, 2B10 (2008). 

285) 山本紘志, 大西克哉, 川口雅之, 村松康司, グラファイト様層状化合物 BC2N の電子構造の解析, 第
35 回炭素材料学会年会, IP30 (2008). 
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